Down Syndrome (DS), trisomy 21, is characterized by synaptic abnormalities and cognitive deficits throughout the lifespan and with development of Alzheimer's disease (AD) neuropathology and progressive cognitive decline in adults. Synaptic abnormalities are also present in the Ts65Dn mouse model of DS, but which synapses are affected and the mechanisms underlying synaptic dysfunction are unknown. Here we show marked increases in the levels and activation status of TrkB and associated signaling proteins in cortical synapses in Ts65Dn mice. Proteomic analysis at the single synapse level of resolution using array tomography (AT) uncovered increased colocalization of activated TrkB with signaling endosome related proteins, and demonstrated increased TrkB signaling. The extent of increases in TrkB signaling differed in each of the cortical layers examined and with respect to the type of synapse, with the most marked increases seen in inhibitory synapses. These findings are evidence of markedly abnormal TrkB-mediated signaling in synapses. They raise the possibility that dysregulated TrkB signaling contributes to synaptic dysfunction and cognitive deficits in DS.
Introduction
Down Syndrome (DS), caused by trisomy for chromosome 21, is characterized by delayed physical, cognitive, and motor skill acquisition. Remarkably, the neuropathology of Alzheimer's disease (AD) occurs essentially universally by the fourth decade of life in individuals with DS (Burger and Vogel, 1973; Ellis et al., 1974; Price et al., 1982) , and cognitive decline is often evident by the sixth decade (Chapman and Hesketh, 2000; Lai and Williams, 1989) . Studies of DS brains consistently demonstrate changes in synapses (Ferrer and Gullotta, 1990; Weitzdoerfer et al., 2001) , suggesting the possibility that synaptic dysfunction underlies the cognitive problems associated with DS.
Synaptic dysfunction is also present in the Ts65Dn mouse model of DS (Reeves et al., 1995) , which recapitulates both cognitive and neuropathological DS phenotypes. Ts65Dn mice, which are partially trisomic for mouse chromosome 16 in a region orthologous to human chromosome 21, exhibit learning and memory deficits and changes in cortical and hippocampal circuits (Reeves et al., 1995) . Synaptic abnormalities include reduced dendritic spine density, increased spine size, increased active zone length in specific synapse subtypes, and decreased levels of pre-and postsynaptic markers (Belichenko et al., 2004; Chakrabarti et al., 2007; Kurt et al., 2004; Salehi et al., 2006) . Increased GABA A and GABA B -mediated inhibitory neurotransmission is responsible for deficient long term potentiation in hippocampus (Belichenko et al., 2004; Fernandez et al., 2007; Kleschevnikov et al., 2012b Kleschevnikov et al., , 2004 Siarey et al., 1997) .
DS and AD brains exhibit increased size and number of Rab5-immunopositive early endosomes; in DS this phenotype is evident during the first year of life (Cataldo et al., 1997 (Cataldo et al., , 2008 (Cataldo et al., , 2000 Ginsberg et al., 2010) . Enlarged endosomes are also present in neurons in Ts65Dn mice (Cataldo et al., 2003; Salehi et al., 2006) . The significance of endosomal abnormalities is undefined. However, trafficking of neurotrophic factors (NTFs), whose signals are conveyed by early endosomes from synaptic terminals to neuronal soma, is disrupted in AD and DS model mice (Cooper et al., 2001b; Salehi et al., 2006) . This raises the possibility that changes in endosomes disrupt trafficking of NTF signals. Accordingly, we investigated NTF signaling in Ts65Dn mice.
NTF signaling is important for synaptic development, maintenance, and plasticity, and BDNF-TrkB signaling is especially important for GABAergic neurotransmission (Chen et al., 2011a; Rico et al., 2002; Sanchez-Huertas and Rico, 2011; Seil and Drake-Baumann, 2000; Yamada et al., 2002) . We entertained the possibility that this aspect of Neurobiology of Disease 77 (2015) 173-190 
